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Abstract: Lifestyle modifications are the main support of nonalcoholic fatty liver disease (NAFLD)
therapy. Weight loss is one of the primary goals in NAFLD, but the effects of different calorie-restricted
diets remain unclear. Thus, we evaluated the effects of two calorie-restricted diets—the Mediterranean
diet (Med diet) and low-fat diet—on liver status, cardiometabolic markers, and fatty acid profiles in
patients with NAFLD. Twenty-four overweight/moderately obese men were randomly assigned to
consume one of these diets. Lipid levels, glucose, insulin, liver enzymes, steatosis, and fatty acid
profiles of serum and erythrocytes phospholipids were assessed. After 3 months, all participants
had a significant weight loss (>9%), with improvements in waist circumference, body fat %, index of
visceral adiposity (VAI), lipid accumulation product, fatty liver (FLI), and hepatic steatosis (HSI) index
(p < 0.001). Both diets significantly lowered triglycerides, total and LDL-cholesterol, liver enzymes,
fasting glucose, insulin, and HOMA-IR index. Fatty acid profiles were enhanced after both diets,
with a significantly decreased n-6/n-3 ratio. Participants on the Med diet had higher levels of HDL-
cholesterol and monounsaturated and n-3 docosahexaenoic acids in serum phospholipids and lower
levels of saturated fatty acids, triglycerides, TG/HDL ratio, and FLI when compared to participants
on the low-fat diet. Our results indicate that dietary patterns and calorie restriction represent central
therapeutic issues in the improvement of obesity-related cardiometabolic alterations that are involved
in the mechanism of hepatic steatosis. The Med diet may contribute to disease treatment even more
than the low-fat diet since it leads to decreased saturated and increased monounsaturated and n-3
polyunsaturated fatty acid status and improved FLI in NAFLD patients.
Keywords: nonalcoholic fatty liver disease; steatosis; Mediterranean diet; low-fat diet; fatty liver
index; HOMA-IR index; fatty acids
1. Introduction
The presence of obesity leads to a high-risk profile for the development of nonal-
coholic fatty liver disease (NAFLD) [1]. Both an excessive body mass index (BMI) and
visceral obesity are well-documented risk factors for NAFLD [2]. Imaging techniques such
as liver ultrasonography are more sensitive tools for the diagnosis of liver steatosis in
comparison to liver enzymes, which are elevated in NAFLD [2,3]. Besides the enzymes,
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high serum triglycerides and low HDL-cholesterol levels are also common in patients with
NAFLD [4]. The prevalence of NAFLD in dyslipidemic individuals is about 50% [5]. Ac-
cording to the latest guidelines [2], the therapeutic approach to NAFLD is mostly focused
on lifestyle interventions, including weight reduction, modification in dietary habits, and
physical exercise [6]. The most recent not-double-blinded studies showed improvement in
aminotransferases levels and liver steatosis by diets with different caloric restrictions and
macronutrient compositions [2,7–9]. A weight loss of at least 5–7% has been shown to im-
prove steatosis and also to reduce parameters of necrosis and inflammation in individuals
with NAFLD, with greater improvements for higher weight loss [2,7].
The general recommendations for the diet are individualized, with a caloric deficit of
500−1000 kcal/day depending on the BMI of the NAFLD patient [2]. A reduced amount
of total fats should constitute less than 30% of the total energy input, with a decrease in
saturated fats and refined sugar intake and an increase in soluble fiber intake (low-fat diet).
New evidence supports the idea that the Mediterranean (Med diet) may have an important
role in the prevention and treatment of NAFLD [9–11].
Fatty acids (FAs) are important players in hepatic lipid metabolism [12]. In particular,
n-3 polyunsaturated FAs (PUFAs), eicosapentaenoic acid (EPA, 20:5 n-3), and docosa-
hexaenoic acid (DHA, 22:6 n-3) can increase fat oxidation and reduce endogenous lipid
production at the gene level [13,14]. However, patients with NAFLD, especially obese ones,
mostly have an impaired n-3 PUFA status and a high n-6/n-3 ratio that can be improved by
a proper diet [15,16]. Furthermore, pooled estimates of case–control studies have shown
that blood and/or liver DHA contents are lower in NAFLD patients [17].
Only limited information exists on the interaction between different diets and fatty
acid profiles in NAFLD patients. It has been established that the male gender is a risk
factor for NAFLD [18]. Therefore, the aim of this study is to evaluate the effects of two
personalized calorie-restricted diets—the Med diet and the low-fat diet—on liver status
(evaluated by liver ultrasonography and biochemical parameters) and phospholipid fatty
acid profiles of serum and erythrocytes in male patients with NAFLD after a 3-month
follow-up.
2. Materials and Methods
2.1. Study Participants
Twenty-seven overweight or moderately obese men with a body mass index (BMI) of
25 to 35 kg/m2, 27–42 years of age, with ultrasonography-diagnosed NAFLD, were enrolled
in this study (Figure 1). All participants received a full medical examination and performed
standard blood tests before enrolment. Participants were recruited at the Centre of Research
Excellence in Nutrition and Metabolism, Institute for Medical Research, from February
2013 to March 2015. Randomization was performed using block-balanced randomization in
a 1:1 ratio into the Med diet and low-fat diet groups using a computer-generated sequence.
The inclusion criteria were adult male patients, overweight or moderately obese, with
ultrasonography-confirmed NAFLD. Subjects who had evidence of any liver disease other
than NAFLD, diabetes mellitus, thyroid disease, serious gastrointestinal disease, cardiac,
renal, or active autoimmune disease were excluded from the study. The exclusion criteria
also involved alcohol consumption (>20 g/day), smoking habits, and using hepatotoxic
drugs. Weight loss of 3 kg or more in the last 3 months, taking antioxidant supplements or
fish oil/omega (3 supplements), or high intakes of fish, flaxseed, or walnuts (more than
2 servings per week) were also exclusion criteria. The study was approved by the Ethics
Committee of the University of Belgrade (Ethics number 36/18/2011), in accordance with
the principles of the Declaration of Helsinki, as part of a research project of the Ministry of
Science of the Republic of Serbia (III41030).
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Blood samples for all biochemical analyses were obtained at the beginning and the 
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zymes (aspartate aminotransferase (AST), alanine aminotransferase (ALT), and gamma-
glytamiltransferase (GGT)) levels were determined on the same day the samples were col-
lected using a clinical chemistry automated analyzer (Cobas c111, Roche Diagnostics, Ba-
sel, Switzerland) and commercial Roche diagnostics kits, according to the manufacturer’s 
instruction. Insulin level was measured using the radioimmunoassay method (INEP 
Zemun, Belgrade, Serbia). Fasting insulin and glucose concentrations were used to calcu-
late insulin resistance from the HOMA-IR model (insulin × glucose/22.5). Hs-CRP was 
measured by the Olympus (LATEX) assay on the Olympus AU 400 analyzer (Olympus, 
Center Valley, PA, USA). 
2.4. Anthropometric Parameters and Calculated Indexes 
The anthropometric measurements included height, weight, waist circumference, 
and body fat. Waist circumference was measured from the midpoint between the lateral 
iliac crest and the lowest rib to the nearest 0.5 cm. Height was measured to the nearest 0.5 
cm using a wall-mounted stadiometer. Body weight and body fat percentage were meas-
ured using a Tanita body composition analyzer (model TBF−300, Japan) to the nearest 0.1 
Figure 1. Flow chart of the study participants.
2.2. Study Design
The study design and flow chart of the study are presented in Figure 1. Participants
were randomly assigned to consume a calori -restricted (daily 600–800 kcal intake r duc-
tion) diet in the form of ei her the s andard Med di t or a low-fat diet for 3 months. All
participants eceiv d personalized nutritional counseling, and a daily dietary treatment,
with 30% caloric restriction fro the estimated daily energy requirements, was prescribed
individually to achieve a loss of at least 5% of initial body weight. The daily energy require-
ments were calculated according to obesity treatment guidelines issued by the Board of the
US National Institute of Health and Food and Nutrition [19]. The conventionally balanced
distribution of macronutrients in the Med diet is 50% of the total caloric value from carbo-
hydrates, 15% from proteins, and above 30% from lipids. In the low-fat diet, established
macronutrient distribution was 60% of the total caloric value from carbohydrates (low
glycemic index), 15% from proteins, and less than 25% from lipids. The calorie-restricted
diets were also balanced in terms of micronutrient intake (vitamins and minerals in the
recommended diet must always be checked). Both diets were designed to include breakfast,
lunch, dinner, one snack in the morning, and one snack in the afternoon. Dietary intake
was controlled by the size of portion, food choice, and composition. Participants in the
calorie-restricted diet groups were educated by our medical dietitian on the principles of
how to reduce daily energy intake and achieve weight reduction. Information concern-
ing habitual dietary intake was obtained at the beginning of the study using a validated
semiquantified food frequency questionnaire (FFQ). All participants in both intervention
groups received personalized nutritional counseling by a professional nutritionist. The two
diets differed in nutritional composition, e.g., macronutrients, fiber, and antioxidants, as
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presented in Table S1. Briefly, the Med diet is rich in vegetables, with increased poultry
and fish intake and limited red meat consumption. Animal fats such as butter, cream,
and lard are not allowed in this diet [11]. Participants assigned to the low-fat diet were
advised to reduce their intake of all types of fats from both animal and vegetable sources.
All participants in both groups were also advised to increase their level of physical activity
by walking 30 min per day.
2.3. Biochemical Analysis
Blood samples for all biochemical analyses were obtained at the beginning and the
end of the treatment, in the morning, after an overnight fast. Fasting glucose, serum
lipids triglycerides (TGs), total cholesterol, HDL-cholesterol, LDL-cholesterol) and liver
enzymes (aspartate aminotransferase (AST), alanine aminotransferase (ALT), and gamma-
glytamiltransferase (GGT)) levels were determined on the same day the samples were
collected using a clinical chemistry automated analyzer (Cobas c111, Roche Diagnostics,
Basel, Switzerland) and commercial Roche diagnostics kits, according to the manufac-
turer’s instruction. Insulin level was measured using the radioimmunoassay method
(INEP Zemun, Belgrade, Serbia). Fasting insulin and glucose concentrations were used to
calculate insulin resistance from the HOMA-IR model (insulin × glucose/22.5). Hs-CRP
was measured by the Olympus (LATEX) assay on the Olympus AU 400 analyzer (Olympus,
Center Valley, PA, USA).
2.4. Anthropometric Parameters and Calculated Indexes
The anthropometric measurements included height, weight, waist circumference, and
body fat. Waist circumference was measured from the midpoint between the lateral iliac
crest and the lowest rib to the nearest 0.5 cm. Height was measured to the nearest 0.5 cm
using a wall-mounted stadiometer. Body weight and body fat percentage were measured
using a Tanita body composition analyzer (model TBF–300, Tokyo, Japan) to the nearest
0.1 kg, with the subject wearing light clothes, without shoes. Body mass index (BMI) was
calculated as weight (kg)/height (m) squared. Abdominal ultrasonography, as a first-line
investigation for hepatic steatosis, was performed on all patients by the same operator,
who was unaware of the clinical and laboratory results, at the start and the end of the study.
NAFLD was diagnosed by standardized criteria [20].
The visceral adiposity index (VAI) was calculated using the formula [21]:
VAI = [(waist circumference (cm)/39.68 + (1.88 × BMI)) × (TG (mmol/L)/1.03) × (1.31/HDL (mmol/L)] (1)
The fatty liver index (FLI) was calculated according to the formula [22]:
FLI = (e 0.953*loge (TG (mg/dL) + 0.139*BMI (kg/m
2) + 0.718*loge (GGT) + 0.053* waist circumference (cm)−15.745)/
(1 + e 0.953*loge (TG mg/dL) + 0.139*BMI (kg/m
2) + 0.718*loge (GGT) + 0.053*waist circumference (cm)−15.745) * 100
(2)
Fatty liver index <30 excludes liver steatosis, whereas FLI ≥ 60 confirms hepatic
steatosis detected by ultrasonography [23].
Two other indexes, the hepatic steatosis index (HSI) [(8 × 9 ALT/AST) + BMI] and the
lipid accumulation product index [(waist circumference (cm) − 65) × TG (in mmol/L)]
were also calculated for the assessment of liver steatosis [24,25].
2.5. Fatty Acid Analysis
As previously described, serum lipids and erythrocyte membrane lipids were ex-
tracted with a chloroform–methanol mixture (2:1 v/v) according to the methods of Sperry
et al. and Harth et al., respectively [26]. The phospholipid fraction was isolated by one-
dimensional thin-layer chromatography, and direct transesterification of phospholipid FAs
was applied. Fatty acid methyl esters were analyzed by gas–liquid chromatography on
the Shimadzu chromatograph GC 2014 (Kyoto, Japan), equipped with a flame ionization
detector on an Rt × 2330 column (60 m × 0.25 mm ID, film thickness of 0.2 µm; RESTEK,
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Bellefonte, PA, USA). The identification of fatty acid methyl esters was made by comparing
peak retention times with standard mixtures (PUFA−2 and/or 37 FAMEs mix; Supelco,
Bellefonte, PA, USA); FA is presented as a percentage of total FAs identified.
2.6. Sample Size Calculation
The sample size was calculated with triglycerides as primary outcomes based on a
study by Abenavoli et al. [27] to detect differences of 55 mg/dL for TGs between study
groups, with a 95% confidence interval (α = 0.05) and a statistical power of 80% (β = 0.8).
The calculation estimated 11 participants per study group but expected a dropout rate of
10–20%; we included 13–14 patients per group.
2.7. Statistical Analysis
The normality of the distribution of variables was checked using the Shapiro–Wilk test.
Normally distributed data are shown as mean values ± standard deviation (SD), while
data with non-normal distribution (triglycerides, AST, HOMA-IR, CRP, docosatetraenoic
acid, ALA, EPA, and MUFA/PUFA ratio in serum and n-6/n-3 and MUFA/n-3 PUFA in
erythrocytes) are presented as median values and interquartile ranges. The differences
between baseline and after the treatment period (intragroup comparisons) were determined
by paired Student’s t-test (normally distributed) and Wilcoxon test (nonparametric data),
while differences between the 3-month changes induced by the two diets were calculated
by ANCOVA adjusted for baseline values. Univariate linear regression analyses were used
to evaluate the potential association between anthropometry, clinical data, and biochemical
parameters of the diet and the hepatic status variables. To provide an adjusted intergroup
analysis, multivariable linear regression analyses were applied and adjusted for age and
biochemical parameters, which showed significant differences in previous analyses (AST,
HDL-cholesterol, and triglycerides). Analyses were carried out using the SPSS 20 program
(IBM, Armonk, NY, USA). A p-value < 0.05 indicates statistical significance.
3. Results
The anthropometric and clinical characteristics of the study participants are presented
in Table 1. Study participants had BMIs of about 30 kg/m2 and waist circumferences >94 cm.
At the start, there were no differences in mean age, weight, BMI, waist circumference, body
fat percentage, VAI, FLI, and HSI between the groups. All the parameters were significantly
improved after 12 weeks on the Med or low-fat diet (p < 0.001 compared to baseline).
In terms of the FLI index, both diets were very effective, decreasing the index markedly in
all study participants. Comparison of the efficacy of the two diets showed that the Med
diet reduced FLI more than the low-fat diet. In addition, at the end of the study, six men
from the Med group and eight men from the low-fat group had ultrasonographic findings
of NAFLD.
Table 2 shows biochemical parameters before and after Med or low-fat diet in NAFLD
patients. There was n difference in the baseline levels of serum biochemical parameters,
HOMA index, TG/HDL-cholesterol ratio, and lipid accumulation product index. After 12
weeks, both diets significantly reduced triglycerides, total and LDL-cholesterol, fasting glu-
cose, fasting insulin, and hs-CRP concentration and activities of liver enzymes (ALT, AST,
GGT). Consequently, lipid accumulation product index, HOMA-IR index, and TG/HDL-
cholesterol ratio decreased (p < 0.001 compared to baseline) after treatments. In Med and
low-fat diet groups, TGs severely decreased by 1 and 0.83 mmol/L and the TG/HDL-
cholesterol ratio by 0.85 and 0.75, respectively. In the Med diet group, HDL-cholesterol lev-
els increased more than in the low-fat diet group (p < 0.05). Additionally, in the intergroup
comparison, in the Med diet patients, we found more exerted reductions of triglycerides,
TG/HDL-cholesterol ratio, AST, and lipid accumulation product index, as well as increased
HDL-cholesterol, than in the low-fat diet group.
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Age (years) 34.42 ± 4.66 32.92 ± 3.78
Body weight (kg) 101.11 ± 9.09 91.88 ± 9.48 0.000 102.12 ± 8.19 92.41 ± 8.14 0.000 0.342
BMI (kg/m2) 30.43 ± 1.81 27.65 ± 1.80 0.000 30.17 ± 2.28 27.68 ± 2.44 0.000 0.342
Waist circumference
(cm) 105.67 ± 5.94 95.83 ± 5.73 0.000 107.58 ± 6.96 98.83 ± 8.04 0.000 0.233
Body fat % 26.17 ± 1.71 21.27 ± 3.05 0.000 26.93 ± 3.50 21.86 ± 3.95 0.000 0.989
VAI 2.26 ± 0.81 1.05 ± 0.36 0.000 2.64 ± 0.88 1.52 ± 0.47 0.000 0.083
FLI 81.92 ± 9.95 43.17 ± 7.99 0.000 83.52 ± 10.76 55.08 ± 18.22 0.000 0.022
HSI 47.6 ± 4.92 39.34 ± 3.24 0.000 45.85 ± 4.63 37.67 ± 4.07 0.000 0.435
ultrasonography
diagnosed NAFLD 12 6 12 8
Groups: Med diet baseline and low-fat diet baseline are the initial data; Med diet end and low-fat diet end are the data obtained after
3 months of the respective treatments. Statistics: The values are expressed as means ± SD. Two-tailed Student’s t-test for paired data
(normally distributed) are used for intragroup comparisons (post- vs. preintervention); For intergroup analyses (low-fat diet end vs. Med
diet end), ANCOVA was applied. BW—body weight, BMI—body mass index, VAI—visceral adiposity index, FLI—fatty liver index,
HIS—hepatic steatosis index.



















(1.20–1.57) 0.000 * 0.048
Total cholesterol
(mmol/L) 6.00 ± 0.78 4.83 ± 0.95 0.000 6.08 ± 0.69 4.81 ± 0.82 0.000 0.760
LDL-cholesterol
(mmol/L) 3.67 ± 0.72 2.88 ± 0.82 0.000 3.96 ± 0.89 3.14 ± 0.85 0.009 0.857
HDL-cholesterol
(mmol/L) 1.29 ± 0.13 1.41 ± 0.15 0.000 1.22 ± 0.12 1.28 ± 0.11 0.041 0.041
TG/HDL-
cholesterol ratio, 1.63 ± 0.60 0.78 ± 0.26 0.000 1.87 ± 0.61 1.12 ± 0.36 0.000 0.025







(18.75–30.75) 0.006 * 0.017
GGT(IU/L) 47.42 ± 36.25 24.33 ± 11.57 0.000 42.53 ± 10.48 27.08 ± 9.90 0.000 0.224
Fasting glucose
(mmol/L) 5.11 ± 0.51 4.49 ± 0.68 0.000 5.20 ± 0.45 4.84 ± 0.48 0.032 0.145














(0.54–1.27) 0.008 * 0.239
LAP 78.44 ± 27.40 34.66 ± 16.78 0.000 94.58 ± 33.92 46.63 ± 12.51 0.000 0.032
Groups: Med diet baseline and low-fat diet baseline are the initial data; Med diet end and low-fat diet end are the data obtained after 3
months of the respective treatments. Statistics: The values are expressed as means ± SD for normally distributed variables and median
values (25th–75th percentiles) for non-normally distributed variables. Two-tailed Student’s t-test for paired data (normally distributed) and
the Wilcoxon test (nonparametric data, assigned with *) are used for intragroup comparisons (post- vs. preintervention). For intergroup
analyses (low-fat diet end vs. Med diet end, * p ≤ 0.05), ANCOVA was applied. hs-CRP—C reactive protein, LAP—lipid accumulation
product, TG- Triglycerides.
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At the baseline, there were no significant differences in the percentage of FAs in serum
phospholipids between the two study groups (Table 3). The Med diet induced a significant
decrease in saturated FA 16:0 and total saturated fatty acid (SFA) levels compared to
baseline and the low-fat group. Levels of EPA, DHA, and total n-3 PUFA significantly
increased after both diet treatments. Consequently, the n-6/n-3 total PUFA ratio decreased
in both groups. Unlike the Med group, the low-fat group demonstrated decreased oleic acid
(18:1 n-9, p < 0.05) and total MUFAs (p < 0.05) in serum phospholipids. Accordingly, after
the low-fat diet, the MUFA/n-3 and MUFA/PUFA ratios decreased compared to baseline,
while in the Med group, MUFA/SFA and MUFA/n-6 increased and MUFA/n-3 decreased
significantly. In addition, the change from baseline to the endpoint was significantly
different in proportions of palmitic acid and SFA, which were higher in the low-fat diet
group than in the Med diet group, and oleic acid, MUFA, DHA, and MUFA/SFA ratio,
which were all higher in the Med diet group at the end of the treatment than in the Low-fat
group (Table 3).
Table 3. Serum phospholipid fatty acid composition in NAFLD patients at baseline and after the dietary treatments.











16:0 30.18 ± 3.33 27.58 ± 1.89 0.017 30.32 ± 2.93 29.94 ± 2.59 0.404 0.038
18:0 16.09 ± 2.01 15.47 ± 1.32 0.561 16.40 ± 1.21 15.92 ± 2.26 0.408 0.236
SFA 46.26 ± 4.04 43.05 ± 1.73 0.036 46.72 ± 2.24 45.86 ± 2.73 0.237 0.020
16:1 n-7 0.36 ± 0.11 0.41 ± 0.15 0.210 0.42 ± 0.17 0.36 ± 0.07 0.329 0.208
18:1 n-9 8.37 ± 1.60 10.58 ± 2.56 0.049 9.80 ± 1.33 8.57 ± 0.78 0.000 0.048
18:1 n-7 1.56 ± 0.32 1.57 ± 0.65 0.942 1.17 ± 0.57 1.43 ± 0.44 0.403 0.597
MUFA 10.28 ± 1.66 12.57 ± 2.18 0.033 11.39 ± 1.42 10.36 ± 0.95 0.037 0.011
18:2 23.91 ± 3.69 21.49 ± 3.97 0.040 22.44 ± 3.32 22.69 ± 2.89 0.055 0.125
20:3 3.08 ± 0.76 2.63 ± 1.00 0.341 3.45 ± 0.68 2.87 ± 0.94 0.605 0.809







(0.25–0.80) 0.605 * 0.455














(0.44–1.56) 0.047 * 0.425
22:5 0.61 ± 0.23 0.69 ± 0.27 0.288 0.66 ± 0.12 0.76 ± 0.16 0.101 0.757
22:6 2.67 ± 0.95 5.17 ± 1.19 0.002 2.56 ± 0.77 3.96 ± 1.02 0.004 0.050
n-3 PUFA 3.74 ± 1.27 6.53 ± 1.40 0.002 3.87 ± 1.04 5.92 ± 1.71 0.005 0.397
PUFA 43.76 ± 4.22 43.59 ± 3.97 0.987 41.83 ± 2.42 42.85 ± 3.67 0.189 0.977
n-6/n-3 11.92 ± 4.35 5.94 ± 1.49 0.003 10.53 ± 3.44 6.74 ± 2.14 0.004 0.245
MUFA/SFA 0.22 ± 0.41 0.29 ± 1.26 0.000 0.24 ± 0.03 0.23 ± 0.03 0.138 0.004
MUFA/n-6 0.26 ± 0.38 0.34 ± 0.51 0.009 0.30 ± 0.05 0.28 ± 0.01 0.172 0.079







(0.21–0.26) 0.015 * 0.089
Groups: Med diet baseline and low-fat diet baseline are the initial data; Med diet end and low-fat diet end are the data obtained after 3
months of the respective treatments. Statistics: The values are expressed as means ± SD for normally distributed variables and median
values (25th–75th percentiles) for non-normally distributed variables. Two-tailed Student’s t-test for paired data (normally distributed) and
the Wilcoxon test (nonparametric data, assigned with *) are used for intragroup comparisons (post- vs. preintervention). For intergroup
analyses (low-fat diet end vs. Med diet end), ANCOVA was applied. SFA—saturated fatty acid, MUFA—monounsaturated fatty acid,
PUFA—polyunsaturated fatty acid.
The effects of the diets on the percentage of FAs in erythrocyte phospholipids are
given in Table 4. Both diets significantly increased DHA and total n-3 PUFAs, while the
n-6/n-3 PUFA ratio decreased. The Med diet also increased the percentage of oleic acid,
total MUFAs (p < 0.01), as well as the MUFA/SFA (p < 0.01) and MUFA/n-6 ratios (p < 0.05).
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At the end of the treatment, 16:0 and total SFAs were higher and n-6 PUFAs and total
PUFAs were lower in the low-fat diet group compared to the Med diet group. Nevertheless,
no significant differences were found when we compared 3-month differences in the Med
group with 3-month differences in the low-fat group using ANCOVA.















16:0 23.24 ± 2.33 22.74 ± 2.23 0.436 25.29 ± 1.74 24.62 ± 1.06 0.344 0.296
18:0 20.50 ± 1.48 20.08 ± 1.29 0.627 21.91 ± 1.35 21.31 ± 2.78 0.521 0.353
SFA 43.74 ± 3.21 42.82 ± 2.11 0.447 47.20 ± 2.40 45.93 ± 3.29 0.243 0.225
16:1 n-7 0.26 ± 0.13 0.28 ± 0.11 0.575 0.30 ± 0.15 0.31 ± 0.10 0.845 0.694
18:1 n-9 14.03 ± 1.39 15.53 ± 1.20 0.002 14.45 ± 1.85 15.10 ± 2.08 0.256 0.222
18:1 n-7 1.14 ± 0.24 1.36 ± 0.28 0.138 1.49 ± 0.52 1.49 ± 0.25 0.911 0.724
MUFA 15.44 ± 1.48 17.17 ± 1.37 0.002 16.25 ± 1.90 16.89 ± 2.24 0.208 0.144
18:2 14.02 ± 1.38 12.92 ± 1.49 0.158 12.67 ± 2.08 11.91 ± 2.42 0.209 0.795
20:3 1.71 ± 0.38 1.55 ± 0.31 0.328 1.52 ± 0.32 1.36 ± 0.30 0.232 0.341







(2.50–4.95) 0.564 * 0.671














(0.23–0.53) 0.992 * 0.183
22:5 1.43 ± 0.43 1.68 ± 0.50 0.029 1.07 ± 0.41 1.29 ± 0.32 0.154 0.426
22:6 3.17 ± 0.75 4.12 ± 1.14 0.028 2.81 ± 0.95 3.69 ± 1.34 0.015 0.855
n-3 PUFA 5.04 ± 1.24 6.50 ± 1.72 0.011 4.40 ± 1.55 5.53 ± 1.82 0.021 0.554







(4.32–8.82) 0.041 * 0.679
MUFA/SFA 0.35 ± 0.46 0.40 ± 0.03 0.005 0.34 ± 0.04 0.37 ± 0.06 0.132 0.215







(2.26–5.38) 0.079 * 0.914
MUFA/PUFA 0.38 ± 0.58 0.42 ± 0.06 0.095 0.45 ± 0.09 0.46 ± 0.08 0.617 0.709
Groups: Med diet baseline and low-fat diet baseline are the initial data; Med diet end and Low-fat diet end are the data obtained after 3
months of the respective treatments. Statistics: The values are expressed as means ± SD for normally distributed variables and median
values (25th–75th percentiles) for non-normally distributed variables. Two-tailed Student’s t-test for paired data (normally distributed) and
the Wilcoxon test (nonparametric data, assigned with *) are used for intragroup comparisons (post- vs. preintervention). For intergroup
analyses (low-fat diet end vs. Med diet end), ANCOVA was applied. SFA—saturated fatty acid, MUFA—monounsaturated fatty acid,
PUFA—polyunsaturated fatty acid.
Linear regression analyses were performed to assess the factors that could influence the
markers of hepatic status after 3 months of the Med and low-fat diets (Table S2). In the Med
diet, the decrease in body fat percentage was significantly associated with improvements
in hepatic steatosis markers: VAI, FLI, lipid accumulation products, AST, and triglyceride
level. The same predictor was significantly associated with a decrease in AST and ALT
in the low-fat group. Reduced waist circumference was associated with improved HSI
and ALT in the low-fat diet group. Further, changes in HOMA-IR were associated with a
reduction of VAI, FLI, lipid accumulation products, and triglycerides in the Med diet group
and with VAI in the low-fat diet group. The changes in FA status showed no significant
association with the parameters of NAFLD (data not shown). Multiple linear regression
analysis was carried out to assess the influence of different types of diets on the decrease
in FLI, adjusted for age, and biochemical parameters AST, HDL, and TGs, which showed
significant differences from the previous analyses (Table 5). The results have shown that
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the decrease of FLI was statistically and significantly associated with the type of diet,
demonstrating that persons on the Med diet will have a greater reduction of FLI than those
who are adherent to the low-fat diet (β = 0.377; p = 0.043; adjusted R2 = 0.103). Model 2 has
shown that the type of diet influences a decrease in FLI independently of age (β = 0.452;
p = 0.023), while Model 3 has demonstrated that biochemical parameters AST, HDL, and
triglycerides did not affect FLI changes (β = 0.466; p = 0.032).
Table 5. Multiple regression analysis of the relationship of ∆FLI with the type of diet (low-fat or Med
diet) adjusted for age, AST, HDL-cholesterol, and triglycerides.
∆FLI β p Adjusted R2
Model 1 Low-fat diet vs. Med diet 0.377 0.043 0.103
Model 2
Low-fat diet vs. Med diet 0.452 0.023
0.243Age −0.115 0.235
Model 3





Model 2 was adjusted by age, and Model 3 was adjusted by AST, HDL-cholesterol, and TG. FLI—fatty liver index;
TG—triglycerides; ∆—the differences from study end to baseline. R2 represents the coefficient of determination
and β the standardized regression coefficient.
4. Discussion
Nutrition and dietary patterns have been proposed as potential environmental factors
that can affect the development of NAFLD. The basic recommendation for individuals with
NAFLD is lifestyle modification, including dietary interventions. However, the evidence
for nutritional factors, dietary characteristics, and dietary strategies for NAFLD treatment
remains inconclusive. In the present study, we have shown that at a 3-month follow-
up, both calorie-restricted dietary treatments, the Med diet and a low-fat diet, in male
overweight or moderately obese participants with NAFLD induced (1) overall decreases
in total cholesterol, triglycerides, TG/HDL-cholesterol ratio, glucose, hs-CRP, and liver
enzymes levels; (2) significant weight loss (>9%); (3) improvement in ultrasonography
findings, body fat percentage, waist circumference, VAI, FLI, HSI, and lipid accumulation
index; (4) increased n-3 PUFAs levels in serum and erythrocyte phospholipids. Our results
confirm that dietary patterns represent a central therapeutic issue in the improvement
of obesity-related metabolic alterations involved in the mechanism of hepatic steatosis.
Moreover, the Med diet leads to greater improvements of ALT, HDL-cholesterol, triglyc-
erides, TG/HDL-cholesterol ratio, lipid accumulation products, FLI, and DHA and MUFAs
content in serum phospholipids compared to a low-fat diet.
Both calorie-restricted dietary treatments in our study resulted in more than 9% of
body weight loss. Weight loss remains the cornerstone of therapy in NAFLD patients.
Findings from meta-analyses suggest that ≥5% of weight loss may have beneficial effects
on liver and cardiometabolic parameters and steatosis. Additionally, ≥7% of weight loss
improves histological disease activity in NAFLD and liver injury (plasma ALT, AST), which
is in accordance with our results [7,28]. In regression analyses, a decrease of body fat
percentage at the endpoint of the intervention was associated with improved VAI, FLI,
lipid accumulation products, and ALT in the participants on the Med diet and also with
ALT and AST improvements in those on the low-fat diet. Furthermore, reduced waist
circumference in the low-fat diet group has shown associations with HSI and ALT. The
improvement in steatosis index in both diet groups is an important indicator of lifestyle
modification benefits in our NAFLD patients. FLI, HSI, and lipid accumulation product
index, as steatosis biomarkers, are helpful in the clinical assessment of the severity of liver
steatosis [22–25]. The group on the Med diet had a more pronounced improvement in FLI;
50% of the patients (6 out of 12) lost the ultrasonography findings of NAFLD, which is
in accordance with a previous report [6,27]. Multivariate regression analysis has shown
Nutrients 2021, 13, 15 10 of 14
that a decrease in FLI is greater after the Med diet, independent of age and biochemical
parameters of the study participants.
Although both diets improved lipid status in our NAFLD patients, the Med diet led
to a higher increase of HDL-cholesterol and a decrease in triglycerides and the TG/HDL
cholesterol ratio. Lower levels of circulating triglycerides, which we detected after the
dietary treatments, may be due to a lower synthesis of hepatic triglycerides, and/or lower
secretions of very low-density lipoprotein (VLDL)-TGs in plasma. It is considered that
an imbalance between the intrahepatic production of triglycerides, and the removal of
intrahepatic triglycerides is the basis for the accumulation of fat in the liver [29]. The
increase in VLDL-TG secretion, which is the major source of circulating triglycerides,
is most probably responsible for the higher levels of triglycerides, commonly observed
in patients with NAFLD [30]. Furthermore, patients with NAFLD have an increased
expression of HMG-CoA reductase and, consequently, increased synthesis of hepatic
cholesterol [31]. Several studies have confirmed that NAFLD is associated with elevated
fasting cholesterol, TG and LDL concentrations, and lower HDL-cholesterol concentration,
which is in accordance with our results [31–33]. This atherogenic lipid profile and higher
TG/HDL-cholesterol ratio can be associated with different pathologies such as insulin
resistance, obesity and metabolic syndrome, commonly found in NAFLD patients [34].
Besides lipids, the serum concentration of liver enzymes markedly decreased after the
diets in patients with NAFLD, and AST was even more reduced after the Med diet than
at the end of the low-fat diet. These findings are, in agreement with other authors [35,36],
a result of weight loss. At baseline, all participants in our study had HOMA-IR indexes
>4, which were improved at the end of the study. Moreover, changes in HOMA-IR were
associated with improved VAI in both diets and FLI, lipid accumulation products, and
triglycerides in the Med diet group, as shown by the regression analysis. Thus, the
HOMA-IR index is a useful method for not only diagnosing insulin resistance but also to
follow-up the effects of treatments on patients with NAFLD. The evidence from recent
clinical and epidemiological studies strongly support the concept that NAFLD is the hepatic
manifestation of the metabolic syndrome [37,38].
Due to lower amounts of SFAs, the Med diet, unlike the low-fat diet, induced a sig-
nificant decrease of 16:0 and total SFAs in serum phospholipids. SFA accumulation in
plasma and liver is a general hallmark of NAFLD, causing direct and indirect toxic effects,
including altered lipid homeostasis, disruption of desaturase activities, and hepatocyte
injury [39,40]. In addition, the Med diet is rich in n-3 PUFAs, which promote essential FA
desaturation and elongation, leading to increased utilization and lower levels of proinflam-
matory arachidonic acid [41]. Both diets increased EPA, DHA, and total n-3 PUFA levels
and decreased the n-6/n-3 ratio, resulting in an improvement of serum phospholipid FA
profiles. As n-3 PUFAs are precursors for anti-inflammatory eicosanoids, their dietary-
induced uprise diminishes hepatotoxic alternations in NAFLD [40]. The reduced n-6/n-3
ratio found in both study groups could be related to reduced hepatic steatosis. In addition,
an elevated n-6/n-3 ratio is associated with attenuated lipid oxidation and secretion and
increased lipid accumulation in the liver [41,42]. Even more, PUFAs can be enzymatically
released from membrane phospholipids [41]. Then, free long-chain n-3 PUFAs act as
inhibitors of lipogenic and glycolytic genes and/or activators of genes involved in lipid
oxidation, contributing to the beneficial effects of the diets. NAFLD is also characterized by
impaired activity of key enzymes in PUFA biosynthesis [16]. Thus, the higher increase of
DHA levels in NAFLD patients after the Med diet compared to the low-fat diet group may
indicate a greater efficacy of the Med diet to restore ∆-5 and ∆-6 FA desaturase activities.
Due to increased olive oil consumption, the Med diet also provides more MUFAs than the
low-fat diet, which results in higher proportions of oleic acid and total MUFAs in serum
phospholipids. Through directly affecting the synthesis of various antioxidative enzymes,
increased intakes of oleic acid may reduce liver tissue damage generated by oxidative
stress [43]. Thus, protection from MUFAs depletion is another way for NAFLD patients to
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benefit from the Med diet; favorable changes in FA profiles are significantly higher after
the Med diet than after the low-fat diet.
Since approximately 5 months are needed for erythrocyte FA composition to reach
saturation [44], a 3-month dietary treatment was insufficient to induce similar changes in
erythrocytes as found in serum phospholipids. Nevertheless, some changes and trends can
be seen even after the 3-month intervention [45,46]. Here, we found increased oleic acid,
MUFAs, EPA, DHA, and n-3 PUFAs, as well as MUFA/SFA and decreased n-6/n-3 PUFAs
ratio in the Med diet group after the intervention period. In the low-fat group, there were
higher levels of DHA, n-3 PUFAs, and a reduced n-6/n-3 ratio. According to literature
data, a dietary-induced erythrocyte DHA enrichment is associated with a reduced liver fat
percentage in NAFLD [41]. Additionally, dietary n-3 PUFAs modulate lipid metabolism,
enhance FA oxidation, and decrease de novo lipogenesis [47]. Therefore, the increased
erythrocyte n−3 PUFAs found in our study may contribute to NAFLD therapy. In line with
this, a recent meta-analysis provided substantial evidence that n-3 PUFA supplementation,
especially DHA, has a favorable effect in the treatment of NAFLD [17].
This study has some limitations that should be acknowledged. A very large number
of NAFLD-related biomarkers have been tested and, therefore, many of the findings may
not be independent of each other. Since no penalization of p-values has been performed
due to multiple comparisons, and the sample size is calculated for a p threshold of 0.05,
these results should be considered exploratory and further confirmed in future studies.
Therefore, the major limitation is the relatively small sample size and relatively short
duration of the intervention, especially to detect changes in erythrocyte fatty acid profiles;
in spite of this, it can provide a rationale for a large study that would involve more
participants and a longer duration. Further, NAFLD was diagnosed using noninvasive
ultrasound techniques instead of a liver biopsy, which is the most reliable technique for
assessing NAFLD in patients. However, liver biopsy is an invasive method and, thus,
unacceptable for many patients, and it is also related to sampling errors and possible
procedure-related complications [48]. To mitigate the limitations of the ultrasonography
approach, all evaluations were carried out by the same experienced specialist.
The major strengths of this study are that it was a randomized controlled trial and that
the adherence to the diets was very high, as regularly checked by phone. Moreover, the
personalized approach in dietary counseling and regular, individual follow-ups provided
a good basis for long-term lifestyle modifications.
5. Conclusions
In summary, our study has shown that lifestyle modifications, mostly dietary calorie-
restricted treatments with moderate physical activity, can markedly improve hepatic steato-
sis, fatty acid profiles, and obesity-related cardiometabolic alterations in NAFLD patients.
In particular, the Mediterranean diet was associated with improvements in lipid profiles
and fatty liver biochemical indexes, as well as lower saturated fatty acid status and higher
levels of monounsaturated and n-3 fatty acids. Our results point out the potential util-
ity of this dietary pattern for NAFLD patients. However, future studies should confirm
whether these changes are responsible for the benefits of the Med Diet in clinically relevant
outcomes in patients with NAFLD.
Supplementary Materials: The following are available online at https://www.mdpi.com/2072-664
3/13/1/15/s1, Table S1: Summary of Dietary Recommendations to Participants and Compositions of
Mediterranean diet and Low-fat diet, Table S2: Univariate linear regression analysis of the markers of
hepatic status after 3-months dietary intervention with Med diet of Low-fat diet (dependent varibles)
and changes in anthropometric and biochemical parameters (independent variables).
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25. Ristić-Medić, D.; Ristić, V.; Tepšić, V.; Ranić, M.; Ristić, G.; Vrbaški, S.; Estelecki, I. Effect of soybean Leci-Vita product on serum
lipids and fatty acid composition in patients with elevated serum cholesterol and triglyceride levels. Nutr. Res. 2003, 23, 465–477.
[CrossRef]
26. Musso, G.; Cassader, M.; Rosina, F.; Gambino, R. Impact of current treatments on liver disease, glucose metabolism and
cardiovascular risk in nonalcoholic fatty liver disease (NAFLD): Systematic review and meta-analysis of randomised trials.
Diabetologia 2012, 55, 885–904. [CrossRef] [PubMed]
27. Abenavoli, L.; Greco, M.; Milic, N.; Accattato, F.; Foti, D.; Gulletta, E.; Luzza, F. Effect of Mediterranean diet and antioxidant
formulation in non-alcoholic fatty liver disease: A randomized study. Nutrients 2017, 9, 870. [CrossRef]
28. Goldberg, I.J.; Ginsberg, H.N. Ins and outs modulating hepatic triglyceride and development of nonalcoholic fatty liver disease.
Gastroenterology 2006, 130, 1343–1346. [CrossRef]
29. Fabbrini, E.; Mohammed, B.S.; Magkos, F.; Korenblat, K.M.; Patterson, B.W.; Klein, S. Alterations in adipose tissue and hepatic
lipid kinetics in obese men and women with nonalcoholic fatty liver disease. Gastroenterology 2008, 134, 424–431. [CrossRef]
30. Min, H.K.; Kapoor, A.; Fuchs, M.; Mirshahi, F.; Zhou, H.; Maher, J.; Kellum, J.; Warnick, R.; Contos, M.J.; Sanyal, A.J. Increased
hepatic synthesis and dysregulation of cholesterol metabolism is associated with the severity of nonalcoholic fatty liver disease.
Cell Metab. 2012, 15, 665–674. [CrossRef]
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